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a b s t r a c t

Determining if outbreak data collected by regional or international organizations can reflect
patterns observed in more detailed data collected by national veterinary services is a nec-
essary first step if global databases are to be used for making inference about determinants
of disease maintenance and spread and for emergency planning and response. We com-
pared two data sources that capture spatial and temporal information about H5N1 highly
pathogenic avian influenza outbreaks reported since 2004 in four countries: Bangladesh,
Egypt, Turkey, and Vietnam. One data source consisted of reports collected as part of each
country’s national veterinary services surveillance program, while the other data source
included reports collected using the Emergency Prevention System for Priority Animal and
Plant Pests and Diseases (EMPRES-i) global animal health information system. We com-
puted Spearman rank-order correlation statistics to compare spatial and temporal outbreak
distributions, and applied a space–time permutation test to check for consistency between
the two data sources. Although EMPRES-i typically captured fewer outbreaks than detailed
national reporting data, the overall similarity in space and time, particularly after 2006,
reflect the ability of the EMPRES-i system to portray disease patterns comparable to those

observed in national data sets. Specifically, we show that the two datasets exhibit higher
positive correlations in outbreak timing and reported locations after 2006 when compared
to December 2003 through 2006. Strengthening the capacity of global systems to acquire
data from national and regional databases will improve global analysis efforts and increase
the ability of such systems to rapidly alert countries and the international community of

hreats.
potential disease t
. Introduction

H5N1 Highly Pathogenic Avian Influenza (HPAI) is an
xample of a zoonotic disease with large scale impacts on
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animal production, livelihoods, economies, wildlife, and
public health (Rushton et al., 2005). The local severity of
this disease has resulted in the establishment of national

surveillance systems in several countries, while interest in
larger scale outbreak patterns (e.g., regional or continental)
has driven development of global information systems to
collect, store and analyze outbreak information. One global
system is the Emergency Prevention System for Priority
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Animal and Plant Pests and Diseases (EMPRES-i) global
animal health information system (Martin et al., 2007b)
developed by the Food and Agriculture Organization (FAO)
of the United Nations. EMPRES-i has been tracking H5N1
HPAI since December 2003.

Global animal health information systems such as
EMPRES-i serve many purposes. For instance, they improve
access to outbreak data for disease analysis and support
notification activities by monitoring and summarizing the
global status of priority animal diseases and zoonoses,
including H5N1 HPAI. Effective notification of disease out-
breaks and the capacity for understanding potential spread
to new areas is an essential pre-requisite for successful
containment and control of epidemic diseases (Ben Jebara,
2004; Martin et al., 2007b; Pittman et al., 2007), includ-
ing emerging zoonoses such as H5N1 Highly Pathogenic
Avian Influenza (HPAI) and other transboundary animal
diseases. From a public health perspective notification of
animal outbreaks with a known zoonotic potential enables
health authorities to warn at-risk populations of behaviors
that should be avoided and implement control measures
that can prevent human morbidity and mortality (Reed et
al., 2003; Webster and Hulse, 2004). From an animal pro-
duction point of view endemic diseases and epidemics in
livestock negatively impact food security and the livelihood
of the poorest, along with affecting international trade
(Thiermann, 2004; Zepeda et al., 2005; Doyle and Erickson,
2006; Pinto et al., 2008). In some cases spill over of disease
between livestock and wildlife populations might also be
prevented if an outbreak notification system is in place and
proper actions taken. Another important purpose served
by global databases is that of providing a central source
of data that may be analyzed to improve understanding
of disease patterns and ecological mechanisms underlying
disease spread and maintenance, and to identify how these
mechanisms vary across countries and regions (Cecchi et
al., 2008).

Information on several priority animal diseases (e.g.,
foot and mouth disease, Rift Valley fever, African swine
fever, and rinderpest) is gathered through EMPRES-i
(Martin et al., 2007a), and among them H5N1 HPAI was
selected for this study for a variety of reasons. First, the
dataset is relatively large, with 4860 outbreak reports
between December 2003 and April 2009 covering the areas
of interest; second, there were national data sets for H5N1
HPAI available from several countries for comparison to
EMPRES-i; and third, H5N1 HPAI is a high priority animal
disease globally, as indicated by the wide spread impacts
noted above.

In addition to global databases several countries have
implemented surveillance programs resulting in national
databases, often containing more detailed information
than global systems, maintained by each country’s national
veterinary service. National databases are built and pop-
ulated using different technologies than EMPRES-i, for
example, the use of digital pen systems and Short Mes-

sage Service (SMS) Gateway technologies are increasing
the capacity of national surveillance programs to collect
disease data from the field and transmit it to a national
database in real time. Additionally, in some countries
where national surveillance systems have been developed
ary Medicine 95 (2010) 175–185

for H5N1 HPAI outbreak data are recorded at a finer spatial
resolution than in EMPRES-i. Further, national databases
tend to be more complete than EMPRES-i in terms of the
number of outbreaks reported. In particular, in countries
where H5N1 HPAI is endemic, such as Indonesia and Viet-
nam, national veterinary services are not required to report
details of every outbreak to the OIE under the immedi-
ate notifications and follow-up reports in response to an
exceptional disease event agreement, but instead main-
tain their own internal outbreak databases. Thus national
databases may provide information about outbreaks that is
unavailable in a global database. National databases main-
tained by each country’s veterinary services were used in
this study for its comparison to EMPRES-i data. When mak-
ing our comparisons we assumed that national databases
were more comprehensive in terms of the information and
details regarding the number of outbreaks. Indeed, there
were always more records in the national databases than
in EMPRES-i for the time periods we compared.

For a system to be effective in improving the under-
standing of disease spread patterns and determinants the
data on which the system relies must reflect those pat-
terns in space and time. With this criterion in mind, the
primary objective of this study was to determine the degree
of concordance in spatial and temporal outbreak patterns
of H5N1 HPAI between national veterinary services out-
break data, hereafter called “national” data, and EMPRES-i
data and to determine both the extent of agreement and the
degree to which that agreement has changed over time.

Specifically, we compare H5N1 HPAI outbreak data
from national and EMPRES-i databases for four countries:
Bangladesh, Egypt, Turkey, and Vietnam. These countries
were chosen because they had a relatively large number
of H5N1 HPAI outbreaks reported in both national and
EMPRES-i data sources. Outbreak reports from these four
countries constitute approximately 26% of all EMPRES-i
H5N1 HPAI outbreaks reported between December 2003
and April 2009. Additionally, national data sets from these
countries were available for at least some portion of this
same time period. Indonesia and Thailand, which together
represent an additional 44% of the EMPRES-i H5N1 HPAI
data set, were also considered for this study, but were not
used because there were political obstacles to using data
from Indonesia, and national outbreak data from Thailand
had already been directly integrated into EMPRES-i.

This is the first study we are aware of comparing agree-
ment between national and global databases for an animal
disease. Results of this analysis may help determine the
extent to which EMPRES-i data might be used to develop an
understanding of spatial and temporal dynamics of H5N1
HPAI at country, regional, and global scales.

2. Materials and methods

2.1. Data collection systems
EMPRES-i was developed to enable tracking and analy-
sis of priority animal disease outbreaks across the globe.
The system collects and stores information from mul-
tiple sources which can be classified as formal and
informal. Formal data sources include reports from the
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orld Organization for Animal Health (OIE), the Euro-
ean Commission, the World Health Organization, national
uthorities, FAO country or regional projects, FAO field
issions, FAO field officers, partner Non-Governmental
rganizations, laboratories and reference centers, and
ther FAO collaborators. Informal sources include media
eports from within countries or reports disseminated
hrough, for instance, the Global Public Health Intelli-
ence Network and ProMED. All information is followed
y disease-tracking officers within FAO networks until the
isease event is confirmed or denied. In addition, EMPRES-
staff verifies, and when necessary correct, the location
nd timing of outbreaks reported by each country to the
ormal data sources noted above using a variety of map-
ing tools (e.g., Google Earth) and by contacting national
eterinary services staff. The same tools and official con-
acts are used to verify and correct data obtained from
nformal sources. Collecting and verifying data from these
arious sources allows EMPRES-i to deliver comprehensive
ituation updates on outbreaks involving priority animal
iseases (Martin et al., 2007a) such as H5N1 HPAI, which
ay be unavailable in raw form from international report-

ng entities. The primary sources for EMPRES-i data specific
o outbreaks of H5N1 HPAI are official sources that include
ational governments, official web sites, FAO projects and
IE reports.

For each outbreak, the EMPRES-i data system includes
ompulsory fields such as observation date, reporting date,
nd a geo-referenced location. In the case of H5N1 HPAI, the
bservation date represents the closest date to the recog-
ition of clinical signs for an outbreak, and the reporting
ate reflects the confirmation and report of the outbreak
vent to official international organizations, for example
IE. The date on which an outbreak report is added to the
MPRES-i database, known as the insertion date, is auto-
atically recorded as well. When comparing data sets, we

sed the observation date from EMPRES-i since this cor-
esponds to the best estimate of the initiation date of an
utbreak event. Depending on the country, the location
f an outbreak may have been recorded exactly (using
PS technology), but was more often approximated by

he centroid of the Administrative level 1, 2, or 3 unit in
hich the outbreak was believed to have occurred. Admin-

strative units at lower levels are composed of several
igher level units (e.g., one Administrative 1 unit is com-
osed of multiple Administrative 2 units). For example, in
ietnam Administrative 1, 2, and 3 levels correspond to
rovinces, counties, and communes, respectively. Admin-

strative boundary data used throughout the analysis were
cquired from FAO’s Global Administrative Unit Level GIS
FAO, 2006) data files, with coordinates specified by the

orld Geodetic System (WGS84).
Updates in the development and structure of the

MPRES-i database after 2006 included the implementa-
ion of standard operating procedures for disease tracking
ctivities, which resulted in greater effort being placed on

btaining, verifying, and validating outbreak reports. Other
hanges included an increase in the breadth of species
epresented in the database, such as wildlife, and quality
ontrol on data entry and validation by automating checks
etween the reported location of outbreak coordinates
ary Medicine 95 (2010) 175–185 177

(e.g., latitude and longitude) and the reported adminis-
trative level and specific unit. Also a set of mandatory
fields were included to provide a minimum standard for
the information that must be included for each reported
outbreak. As progressive development of the system is
expected to correspond with improvements in the quality
of the data, where possible, data analyses were conducted
for two time periods that closely approximate the dates of
major changes to the EMPRES-i system: before January 1,
2007, and since January 1, 2007. The goal of this compari-
son was to examine changes in the ability of EMPRES-i to
reflect national data from each of the selected countries.

National level H5N1 HPAI outbreak data included
reports collected directly from field veterinarians conduct-
ing surveillance, and in general contained more detailed
information on disease outbreaks than what was reflected
in the mandatory fields provided by EMPRES-i. National
datasets were acquired from the national veterinary ser-
vices of Bangladesh, Egypt, Turkey, and Vietnam; all of
which have had surveillance activities enhanced by FAO
technical projects that support specific programs aimed at
strengthening disease surveillance. For example, in Egypt
FAO facilitated the use of Participatory Disease Surveillance
approaches, while in Bangladesh FAO assisted in imple-
menting the use of SMS gateway technology to report
mortality and morbidity in poultry by animal health work-
ers in the field. All records included a field reflecting the
date when an outbreak was observed. Outbreak locations
were recorded as the centroid of the lowest administrative
level possible. For Bangladesh national data, the centroids
of sub-districts (i.e., Administrative level 3) were provided,
while for Egypt, Turkey, and Vietnam, the geographic cen-
ter of outbreak villages were provided.

Since national data sets and EMPRES-i were not nec-
essarily recorded at the same spatial resolution we
standardized both data sets by aggregating each one to
the Administrative 1 and 2 levels prior to making compar-
isons. Thus, our inference related only to these two levels of
aggregation. Temporally, each national data set spanned a
different time period, and all are different from the Decem-
ber 2003 to April 2009 period covered by the EMPRES-i data
used here. National datasets were provided to FAO “as is”
and so we could only make a valid comparison by using
EMPRES-i data from the same date range covered by the
national databases. Since we did not have information on
when active national surveillance started or ended in each
country, the range of dates over which national data was
compared to EMPRES-i data was determined by taking the
date of the first and last reported outbreak in each national
database as the initial and final date for comparison with
EMPRES-i. For Egypt, Turkey and Vietnam, the date range
available in the national data was a subset of what was
available in EMPRES-i, and for Bangladesh, the date range
began in 2007 (much later than EMPRES-i) and extended
slightly longer than what was available from EMPRES-i.
2.2. Statistical analysis

Descriptive statistics were computed for the difference
between observation date and reporting date for all H5N1
HPAI data in EMPRES-i.
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Time series plots of the number of outbreaks per week
in EMPRES-i and national data sets were overlaid for each
of the four countries to visually compare the outbreaks
recorded in the two data sources. As a measure of the sim-
ilarity in these pairs of time series Spearman rank-order
correlations between weekly time series from the two data
sources were calculated for all four countries using the
range of outbreak observation dates common to both data
sets. That is, for each week of the time window common to
national data and EMPRES-i, the number of reports from
the national database each week (xs) were paired with
the number of reports each week from EMPRES-i (y), and
the rank-order correlation was computed for the paired
data. The overlap in outbreak observations were: 1 March
07–19 April 09 for Bangladesh, 17 February 06–4 January

08 for Egypt, 25 November 05–31 March 06 for Turkey, and
29 March 04–18 March 09 for Vietnam. Non-parametric
Spearman rank-order correlation was computed because
the distributions of weekly reports are non-normally dis-
tributed counts. Confidence intervals at the 95% level were
generated for the Spearman correlations by bootstrapping
the observed data 10,000 times.

Among the four countries considered, only Vietnam and
Egypt had long enough time series to compare changes in
the EMPRES-i system’s ability to track national data before
and after improvements were made to the EMPRES-i sys-
tem beginning in January 2007. Data for Vietnam and Egypt
were divided into two time periods, an early time period
that included outbreaks through the end of 2006, and a late
time period that included outbreaks since January 1, 2007.

EMPRES-i and national outbreak reports were labeled
according to which Administrative 2 unit each outbreak
was reported to have occurred in for the purposes of
comparing the two data sets at that spatial resolution.
In addition, outbreak data were further classified at the
more coarse Administrative 1 level to examine how agree-
ment between the two data sources changed as a function
of increased spatial aggregation. For each country, maps
were generated displaying the distribution of outbreaks
for both data sets at the first and second administrative
unit level to visually compare spatial patterns between the
two data sources at two spatial scales. Spearman rank-
order correlations between the numbers of reports in each
administrative unit were then computed for all four coun-
tries at both spatial scales. Confidence intervals for the
correlations were calculated by bootstrapping, as above. As
with the time series data, the spatial correlations for Viet-
nam and Egypt were calculated separately for data reported
before and since January 1, 2007 (early and late time period,
respectively) to quantify the effect of changes in the devel-
opment of EMPRES-i information system over time.

ı =

2
nE−1

∑
i<j

√
d(sEi, sEj)

2 + (
Finally, a space–time multi-response permutation pro-
cedure (SMRPP; Merton et al., submitted for publication)
was applied to test for concordance between both data
sources for each country in terms of spatial, temporal, and
spatio-temporal distributions. The SMRPP test comes from
ary Medicine 95 (2010) 175–185

the family of Monte Carlo permutation procedures (Efron
and Tibshirani, 1993) developed to compare a statistic com-
puted from observed data to a distribution of statistics
based on randomizing the observed data many times. A p-
value was calculated by determining where the observed
test statistic fell within the distribution of randomization
test statistics.

Specifically, if location and week of outbreak are pro-
vided in the form (sEi, tEi), for i = 1, . . ., nE from EMPRES-i
and (sCi, tCi), for i = 1, . . ., nC from the national data, and
d(sEi, sEj) (respectively, d(sCi, sCj)) gives the Euclidean dis-
tance between locations sEi and sEj (respectively, sCi and
sCj), then the test statistic for the space–time SMRPP was
the weighted average of the “mean pairwise distance in
space and time” for the two data sources, given by:

Ej)
2 + 2

nC −1

∑
i<j

√
d(sCi, sCj)

2 + (tCi − tCj)
2

nE + nC
(1)

The statistic for the spatial SMRPP was the same as that
given in Eq. (1), but with only the d(sEi, sEj)2 and d(sCi,
sCj)2 terms included under the radicals, while the statistic
for the temporal SMRPP included only the (tEi − tEj)2 and
(tCi − tCj)2 terms under the radicals. Testing proceeded by
first evaluating the statistic for the observed data. For each
randomization, the data source indices (the Es and Cs in the
first of the subscripts) were randomly permuted among the
nE + nC observations, and the statistic was computed for the
permuted location-time values. The randomization process
and statistic computation were repeated many times, and
the p-value for the test was calculated as the proportion of
all computed statistics (the observed one and all the ran-
domized ones) that were less than or equal to the observed
statistic.

For each country, before applying the SMRPP tests,
data were first aligned temporally by only including date
ranges common to both EMPRES-i and national databases
as above. For location, we used the locations provided in
each data source (coordinates of villages or other admin-
istrative centroids) and for time, we used the observation
week of the outbreak. The data for Vietnam and Egypt were
again divided into two time periods, before and after Jan-
uary 1, 2007, to test the null hypothesis of no differences in
the shapes of the space, time, or space–time distributions of
EMPRES-i outbreaks relative to national data sets for each
time period. For each comparison we ran 1000 Monte Carlo
simulations of the data. While assessing the spatial and
temporal correlations provided a relatively coarse mea-
sure of agreement between the data sources, the more
sensitive SMRPP tests compared the shapes of the spa-
tial, temporal and spatio-temporal distributions of the data
sets. Greater differences in distributional shapes between
data sets resulted in smaller p-values for this test.

3. Results
3.1. Descriptive statistics

The distribution of the number of days between the
observation date and the reporting date in EMPRES-i
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Fig. 1. (a, b, c, d) Time series plots comparing EMPRES-i outbreak reports (red) with national outbreak reports (blue). Note that large outbreaks in Egypt
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nd Vietnam prior to 2007 were not captured by EMPRES-i. Improved ma

or H5N1 HPAI reports of domestic poultry infection,
egardless of country, was highly skewed. For outbreaks
ccurring in 2006 or earlier the 50th, 75th, and 90th
ercentiles were 0, 2, and 21 days, respectively. These
ame percentiles for the 2007 and later period were 0.5, 4,
nd 15 days. Finally, for outbreaks reported by EMPRES-i
n 2009 the 50th, 75th, and 90th percentiles of the dis-
ribution were 2, 4, and 7 days, respectively, reflecting a
ubstantial decrease in the variance within the upper tails
f these distributions over time.

.2. Time-series analysis

Comparison of time series (Fig. 1) between EMPRES-i

nd national reports for Vietnam and Egypt revealed dis-
repancies between the two databases. Specifically, there
ere large numbers of outbreaks reported in the national
ata for Egypt in 2006, but only very small numbers
eported in EMPRES-i for the same time period. However,
f EMPRES-i with national data is seen after 2006.

there was greater similarity in the time series for outbreaks
in 2008 and 2009. A similar pattern was seen in the Vietnam
comparison, with large numbers of outbreaks in the win-
ters of 2005 and 2006 reported in national data sets, with a
much smaller number reported in the EMPRES-i database.
As with the Egypt data, the two Vietnam data sources
exhibited greater similarity in later time periods. Outbreaks
reported in Turkey and Bangladesh showed good agree-
ment between EMPRES-i and national data sets for the
entire time period compared.

Correlations (Table 1) among time series captured the
high degree of concordance between the EMPRES-i system
and national data for Bangladesh (r = 0.88, C.I. = (0.83, 0.93))
and Turkey (r = 0.93, C.I. = (0.81, 0.98)). Also reflected were

the positive changes made to EMPRES-i after 2006 with a
doubling of the correlation in time series for Vietnam, from
0.43 (C.I. = (0.30, 0.56)) to 0.87 (C.I. = (0.81, 0.92)), and a
greater than five-fold increase in the correlations for Egypt,
from 0.14 (C.I. = (−.10, 0.37)) to 0.74 (C.I. = (0.56, 0.86)).
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Table 1
Spearman rank-order correlations and bootstrapped 95% confidence intervals (LCI, UCI) in weekly time series for early (through December 2006), and late
outbreaks (since January 2007). Analysis includes reports recorded in the time window common to both national and EMPRES-i data sources for Vietnam
(29 March 04–18 March 09), Egypt (17 February 06–4 January 08), Turkey (25 November 05–31 March 06), and Bangladesh (1 March 07–19 April 09). All
reports with valid outbreak dates were used even if spatial information was not available. Note the improvement in time series correlations for Egypt and
Vietnam from early to late time periods.

Time Period Correlation (LCI, UCI) Country reports EMPRES reports

Vietnam
Early 0.43 (0.30, 0.56) 2098 120
Late 0.87 (0.81, 0.92) 395 274

Egypt
Early 0.14 (−0.10, 0.37) 1003 51
Late 0.74 (0.58, 0.86) 283 236

Turkey
Early 0.93 (0.81, 0.98) 201 137
Late No data 0 0
Bangladesh
Early No data
Late 0.88 (0.83, 0.93)

3.3. Spatial pattern analysis

Example maps (Figs. 2 and 3) of Vietnam comparing
the proportion of reported outbreaks reported in EMPRES-
i to the proportion reported in national data for outbreaks
reported before and after 2007, aggregated at the Adminis-
trative 1 and Administrative 2 levels, illustrated the higher
correlation between EMPRES-i and national data in the spa-
tial domain during the later time period. In both Vietnam
and Egypt (Table 2), and at both levels of spatial aggre-
gation, the correlation between the number of reports in
EMPRES-i and in national data increased, particularly at
the Administrative 1 level where the correlation for Viet-
nam went from 0.66 (C.I. = (0.51, 0.75)) in the early period
to 0.90 (C.I. = (0.82, 0.95)) in the later period and the corre-
lation for Egypt went from 0.58 (C.I. = (0.28, 0.81)) to 0.90
(C.I. = (0.78, 0.95)). For all four countries the numbers of
outbreaks reported in EMPRES-i exhibited strong correla-

tions with the numbers of outbreaks reported in national
sources (Table 2) at the Administrative 1 level, ranging from
0.65 to 1.00, while the Administrative 2 level correlations
were smaller and more variable, ranging from 0.05 to 0.82.

Table 2
Spearman rank-order correlations and bootstrapped 95% confidence intervals (
Administrative level 1 and 2 scales for early (December 2003 through December 2
for each country are the numbers of Administrative level 1 and 2 units. The analy

Time period Admin 1 correlation (LCI, UCI) Admin 2 cor

Vietnam
Early 0.66 (0.51, 0.75) 0.35 (0.27, 0
Late 0.90 (0.82, 0.95) 0.50 (0.43, 0

Egypt
Early 0.58 (0.28, 0.81) 0.05 (−0.06,
Late 0.90 (0.78, 0.95) 0.31 (0.22, 0

Turkey
Early 0.81 (0.71, 0.90) 0.73 (0.67, 0
Late No data No data

Bangladesh
Early No data No data
Late 1.00 (NA, NA) 0.82 (0.71, 0
0 0
323 259

3.4. Space–time tests

Results from testing for spatial, temporal, and spatio-
temporal consistency between EMPRES-i and national
reports using the SMRPP procedure are presented in
Table 3. For Turkey and Bangladesh, SMRPP distinguished
no significant difference between the space, time, or
space–time patterns in the EMPRES-i and national data,
suggesting strong concordance between the two data sets
over the periods in which the databases overlapped.

For Egypt and Vietnam, as would be expected from the
time series plots (Fig. 1), the temporal patterns in EMPRES-
i and national data were statistically different for the early
time period. Likewise, the spatial and spatio-temporal pat-
terns in the two data sources were significantly different
for Egypt and Vietnam in the early time period. In the
later time period, the SMRPP test resulted in no signifi-
cant difference in the spatial distributions of reports, again

suggesting increased concordance between national and
EMPRES-i data in later periods. On the other hand, in con-
trast to the reasonably strong correlations seen in the time
series for Vietnam and Egypt in the later time period, the

LCI, UCI) between the number of national and EMPRES-i reports at the
006) and late outbreaks (January 2007 through April 2009). Also reported
sis includes all reports for which valid spatial information was available.

relation (LCI, UCI) Admin 1 units Admin 2 units

.42) 61 497

.58)

0.15) 26 289
.41)

.79) 80 926

6 64
.90)
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Fig. 2. (a, b, c, d) Comparison of EMPRES-i and national numbers of outbreaks reported at the Administrative-1 level for Vietnam during early (through
December 2006) and late outbreaks (since January 2007): (a) national, early, (b) EMPRES-i, early, (c) national late, and (d) EMPRES-i, late. Map colors
represent ranges for the percentage of all reports for a given time period which occurred in each Administrative-1 unit. The correlation in ranked outbreak
numbers is 0.65 for the early period and 0.90 for the late period.
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Fig. 3. (a, b, c, d) Comparison of EMPRES-i and national numbers of outbreaks reported at the Administrative-2 level for Vietnam during early (through
December 2006) and late outbreaks (since January 2007): (a) national, early, (b) EMPRES-i, early, (c) national late, and (d) EMPRES-i, late. Map colors
represent ranges for the percentage of all reports for a given time period which occurred in each Administrative-2 unit. The correlation in ranked outbreak
numbers is 0.35 for the early period and 0.50 for the late period.
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Table 3
Space–time Multi-Response Permutation Procedure (SMRPP) p-values for early (through December 2006) and late outbreaks (since January 2007), along
with the total number of reports for each country recorded in each data source and time period. Large p-values (e.g., p ≥ 0.05) indicate little difference
between the distributions of EMPRES-i and national data for the dimension being considered. The analysis includes all reports with valid spatial information
in the time window common to both national and EMPRES-i data sources.

Time period p-Value space p-Value time p-Value space–time Country reports EMPRES reports

Vietnam
Early 0.001 0.001 0.001 2076 120
Late 0.197 0.001 0.001 353 274

Egypt
Early 0.001 0.001 0.001 996 51
Late 0.423 0.001 0.001 283 230

Turkey
Early 0.219 0.663 0.270 201 137
Late No data No data No data 0 0
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Bangladesh
Early No data No data
Late 0.600 0.372

emporal SMRPP test indicated significant differences in
he shapes of the weekly time series of outbreak reports
etween the data sources over this period. The SMRPP test
lso indicated significant differences in the shapes of the
pace–time distributions of reports for Vietnam and Egypt
n the later time period.

. Discussion

The goal of this study was to determine the level
f agreement between outbreak data captured through
he EMPRES-i disease tracking system and outbreak data
ontained in national data sets, particularly before and
fter improvements to EMPRES-i were implemented in
anuary of 2007. Developing high quality data systems
nd determining if outbreak data collected by regional or
nternational organizations can adequately reflect general
atterns seen in data collected by national veterinary ser-
ices are important first steps if global databases are to
e used for making inference about disease spread pat-
erns and processes (Martin et al., 2007b), especially for
riority animal diseases like H5N1 HPAI. Disease data col-

ected at a national level are typically considered to have
reater reliability in terms of spatial and temporal report-
ng accuracy; thus the extent to which data collected by
MPRES-i reflects patterns in disease outbreak data col-
ected by national surveillance programs is of great interest
f EMPRES-i is to be used to quantify disease dynamics at
ountry, regional, and global scales, and as an emergency
reparedness and response system.

The EMPRES-i system has been improved over time, and
e believe the improvements are reflected by an increased

bility to track national outbreak data. Specifically, this
tudy showed that correlations in time series and spatial
orrelations in reports aggregated at the Administrative 1
nd 2 levels all improved over time for both Vietnam and

gypt, the two countries with a complete dataset of H5N1
PAI outbreaks covering both the early and late period of

nterest. Aggregating data to the larger Administrative 1
evel necessarily resulted in an increase in the correlations
nd reduction in variance
ata 0 0
309 259

Prior to using these data for more advanced epidemi-
ological analysis it is important to consider the spatial
resolution of outbreak reports for a country, as well as
potential variations in the spatial resolution of reporting
among countries and the desired scale of epidemiolog-
ical inference. Therefore, it will often be necessary to
assign outbreak reports to a common spatial resolution
(e.g., Administrative level 2) prior to analysis that includes
more than one country. This work illustrates the effect of
data aggregation on the correlation between EMPRES-i and
national data sets and we recommend that future analyses
using EMPRES-i data consider these results along with the
considerations noted above.

Before 2006, there were a large number of outbreaks
in Vietnam and one in Egypt (see Fig. 1) that were cap-
tured in national data sets, but not reflected in EMPRES-i
due to the near absence of reporting by Vietnam and Egypt
to OIE or other official international sources at that time.
The fact that large numbers of cases were reported to
national databases, but not captured by EMPRES-i, sug-
gests that there may have been obstacles to getting some
outbreaks reported to EMPRES-i. Such problems may have
arisen, for instance, due to a lack of awareness about the
need and importance of reporting to the international com-
munity. Other contributing factors might have been the
absence of a formal mechanism for reporting local out-
breaks contained within national databases to regional and
international organizations, a failure of surveillance sys-
tems to gather disease outbreak data in standard formats
(Salman et al., 2003; Thiermann, 2005), unwillingness to
report outbreak events to the international community
(Zepeda et al., 2005), or that animal diseases are not a
priority for the national authorities and other stakehold-
ers in some countries (Vallat et al., 2006). Some of these
aspects remain obstacles to improving disease reporting
from affected countries.

That said, using the national databases from Vietnam

and Egypt allowed us to demonstrate substantial improve-
ments in consistency between EMPRES-i and national data
between the early and late period in terms of tracking
disease patterns. Since January 2007, EMPRES-i and the
national databases for Egypt and Vietnam have shown
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strong agreement in spatial reporting at the relatively
coarse Administrative 1 scale, and to a lesser degree at the
Administrative 2 level. They have also shown consistency
in temporal reporting as indicated by strong correlations
between time series. Although SMRPP tests indicate no sig-
nificant differences in the spatial distributions for these
two countries after 2006, there were significant differ-
ences in the temporal and spatio-temporal distributions
of reports, not only through 2006, but also in the later
period beginning in 2007. SMRPP is quite sensitive to rela-
tively small differences in the shapes of distributions being
compared (Merton et al., submitted for publication), but
such differences may not be critical to analyses focused
on more general patterns and large scale dynamics. When
SMRPP tests do not detect differences in distributions, as
was the case for Turkey and Bangladesh in space, time, and
space–time, EMPRES-i provides a highly reliable proxy for
national data.

The increased concordance between national and
EMPRES-i data sets over time can be attributed to both
improvements in the logistics of data collection and
stronger cooperation in reporting by national veterinary
services. Standardizing the format for data collection and
transfer included the development of a standard Excel
template for reporting disease outbreak information to
EMPRES-i. In Egypt and Vietnam, greater reporting coop-
eration was due, at least in part, to FAO supporting field
officers who worked with veterinary services to improve
surveillance and reporting. As national veterinary services
become more aware of the importance of reporting out-
breaks to the international community they tend to report
more consistently. This is one reason why there were
fewer discrepancies seen between EMPRES-i and national
data sources during the second phase of development of
EMPRES-I after January 2007. There still exist reporting
differences between national and EMPRES-i data, includ-
ing misidentification of the specific administrative unit
where an outbreak occurred, and changes in epidemio-
logical units, that is location data related to changes in
administrative levels that need to be adjusted and harmo-
nized between national databases and GAUL standards in
FAO. Finally, outbreak events that warrant multiple reports
in a national data set are sometimes grouped into a sin-
gle report in EMPRES-i. Despite these differences, the data
sources have become less independent over time, which
is a desirable trend since ideally all detailed national data
should be incorporated into EMPRES-i whenever possible.
This situation should continue to improve because trans-
parency of disease reporting for H5N1 HPAI has increased
over time, particularly from endemic countries where the
risk to humans is ever present. Unlike official reporting
bodies EMPRES-i verifies and incorporates reports from a
broad array of sources, not just data national veterinary
services report to official international, regional, and global
animal health information platforms. This capacity to com-
bine information coming from official sources and projects

in the field related to surveillance of H5N1 HPAI makes
EMPRES-i a unique database for animal disease outbreak
and surveillance data.

In contrast to the situation for Egypt and Vietnam
where there were large discrepancies between EMPRES-
ary Medicine 95 (2010) 175–185

i and national data sources through 2006, for Bangladesh,
which had outbreaks beginning in 2007, and Turkey, which
experienced all outbreaks prior to 2007, the information
collected in EMPRES-i appeared to reflect national data sys-
tems reporting for the entire time period in which outbreak
data were available for comparing of both data systems.
This strong agreement is due to several conditions that
existed in these countries during the time periods exam-
ined. First, because of strong international support, which
included training in disease outbreak investigations and
developing laboratory capacity for disease detection and
reporting systems, these countries were able to enhance
their surveillance systems for H5N1 HPAI (Vallat et al.,
2006). Second, standardized disease reporting procedures
were established very early in both countries, including
consistent reporting at defined administrative levels.

In terms of the timeliness of reporting, our results show
an overall decrease in the time between outbreak and
reporting date, along with a reduction in the variance, as
the EMPRES-i system has evolved over time. This trend
is encouraging and reflects improved data collection and
reporting capabilities of EMPRES-i, along with suggesting
an overall increase in the transparency and reporting capa-
bilities of many countries affected by H5N1 HPAI. These
results support increased use of EMPRES-i data for devel-
oping and prioritizing disease response activities, as well
as its use as an early warning tool for identifying areas at
risk for new incursions. This use of EMPRES-i may encour-
age local animal health authorities to increase biosecurity
and surveillance activities in locations near an ongoing out-
break.

Considerable variation between countries in their
veterinary services capacities, surveillance protocols, stan-
dards, and the level of reporting to global databases (Angot,
2009), makes analysis of data generated from these dif-
ferent countries challenging. It should be recognized that
outbreaks of H5N1 HPAI, as is the case with any animal
disease, are commonly underreported across all types of
production systems, particularly in the commercial poultry
sector for many countries. Additionally, active surveillance
in countries where the disease is endemic is frequently
low or absent, leaving surveillance systems with a limited
capacity to detect and respond to an outbreak situation.
Further, compensation for culled animals, when it exists,
is often inadequate (Hadorn et al., 2008), further reducing
the likelihood of outbreak reporting. Finally, reporting of
transboundary diseases in wildlife is very limited, and in
the case of H5N1 HPAI, under-reporting is common. Most
often proper epidemiological outbreak investigations are
not conducted or coordinated with wildlife resource min-
istries, leading to incomplete information being provided
to international organizations on species affected. Despite
the many obstacles, in recent years there has been gen-
eral improvement in disease awareness resulting in greater
levels of reporting by affected countries.

The identification of general patterns of disease spread

in space and time, particularly for priority animal dis-
eases such as H5N1 HPAI that persist and spread across
large regions, thereby affecting several countries simul-
taneously, is essential for disease management (Fèvre et
al., 2006). EMPRES-i is an important reference source for
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isease outbreak information and is used by international
gencies (e.g., Institute of Medicine and National Research
ouncil) and national governments tracking the global
tatus of disease outbreaks (Martin et al., 2007b). Since
xternal users of EMPRES-i include research institutions
nd scientists that regularly request data for analysis of
riority animal diseases, we have highlighted in this work
oth its utility and limitations for making inferences about
isease patterns and processes. Future work should involve
se of EMPRES-i data to explore variations in H5N1 HPAI
atterns and dynamics at multiple spatial and temporal
cales, including identifying variations in disease patterns
nd dynamics between countries and identifying potential
echanisms driving observed patterns of persistence and

pread.
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